In this article the modeling and computations are exposed to introduce the new idea of MHD three-dimensional rotating flow of nanofluid through a stretching sheet. Single wall carbon nanotubes (SWCNTs) are utilized as a nano-sized materials while water is used as a base liquid. Single-wall carbon nanotubes (SWNTs) parade sole assets due to their rare structure. Such structure has significant optical and electronics features, wonderful strength and elasticity, and high thermal and chemical permanence. The heat exchange phenomena are deliberated subject to thermal radiation and moreover the impact of nanoparticles Brownian motion and thermophoresis are involved in the present investigation. For the nanofluid transport mechanism, we implemented the Xue model (Xue, Phys B Condens Matter 368:302-307, 2005). The governing nonlinear formulation based upon the law of conservation of mass, quantity of motion, thermal field and nanoparticles concentrations is first modeled and then solved by homotopy analysis method (HAM). Moreover, the graphical result has been exposed to investigate that in what manner the velocities, heat and nanomaterial concentration distributions effected through influential parameters. The mathematical facts of skin friction, Nusselt number and Sherwood number are presented through numerical data for SWCNTs.
Introduction
In the present time nanomaterials have developed various engineering and domestic applications. The use of nanomaterials is achieving significant attractiveness because due to the fields of science related to nanomaterials delight in a comparable character. In modern nanotechnology and its resulting products have several beneficial uses in different fields of science and technologies, as improving thermal characteristics of traditional fluids like ethylene glycol, water, lubricants, kerosene and engine oil to the creation of an operational drug supply system. Further examples of nanotechnology contain microelectronics, life sciences, chemical productions, fuel cells, medical sciences, microsystems including mechanical and electrical components, power generation, refrigeration and many more. Due to less thermal conductivities such a type fluids (ethylene glycol, water, lubricants, kerosene and engine oil) uses in many more industrial and technological processes. These fluids have stumpy thermal conductivity and insufficient to achieve better efficiency of the mechanical process. Nanofluids are formed by the addition of nano-sized particles of size less than 100 nm in base fluids (ethylene glycol, water, lubricants, kerosene and engine oil). These tiny nano-scale size particles are identified nanoparticles. The metallic tiny particles used in nanofluid is made of metal oxides, nitrides, nonmetals, carbides, copper, metal alumina (Chamkha and Rashad 2012) . In earlier time the philosophy of nanofluid first lead by Choi and Eastman (1995) in 1991. After choi a variety of effort has been investigated to produce nanoparticles and nanofluid. Masuda et al. (1993) and Xuan
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and Li (2002) have investigated that the viscosity and rate of thermal conductivity of nanofluid extremely adjusted. Narayana and Sibanda (2012) have considered the influence of unsteady flow of nano liquid on stretching medium and study the relation between nanoliquid volume fraction and thermo-physical characteristics. Khanfer et al. (2003) have deliberated the rate of heat transfer enhancement using nanofluid inside an enclosure. Many other researchers William et al. (2008) , Pak and Cho (1998) and Eastman et al. (2001) have improved the thermal conductivity of common base fluid up to 10-50%.
Carbon nanotubes are allotropes of carbon in a tube shaped material with cylindrical nano-structure having exceptional properties that make them helpful for nanotechnology, including chemical production, microelectronics cooling, optics and distinctive field of engineering and material sciences. The idea of carbon nanotubes were established by Iijima in 1991. Carbon nanotubes depend on the structure of the material (number of grapheme sheets) and categorized into two foremost subclasses namely single and multiwall carbon nanotubes (SWCNTs, MWCNTs). SWCNTs has a single carbon tube of diameter 1 nm while MWCNTs is the cluster of 2-50 coaxial carbon tubes with 0.34 nm spacing (To 2006) . Ding et al. (2006) have been inspected the enhancement of heat transfer rate of CNTs fluid flowing through a horizontal cylinder. Volder et al. (2013) have investigated the various uses of CNTs in medical equipment and biosensors. Khan et al. (2014) have been explored the numerical result of nanofluid flow of three base fluids containing CNTs and heat transfer using Navier slip and heat flux conditions. The shear thinning effect of CNTs water base liquid was discussed by Ponmozhi et al. (2010) . Chen et al. (2011) have analyzed the rheological and Newtonian behavior of the MWCNTs spread in various fluids. They also present the impact of nanofluid viscosity on temperature. Ebaid and Aly (2013) have mentioned the applications of CNTs in medical field. They have explained the importance of carbon nanotubes and magnetic field to treat the cancerous tissues. In this scenario, carbon nanotubes injected the in blood vessels near to the tumor and kept the magnet adjacent to it. Similarly Mekheimer and Elmaboud (2008) have been deliberated that the damage cancer's cell are demolished when temperature extent 42-45 °C. There have been many efforts to use carbon nanotubes in different situations and geometries. Some of the latest can be found in (Aman et al. 2017; Haq et al. 2017) .
In many manufacturing processes the boundary layer flow on a stretching/extending sheet has received significant importance. In metallurgical and polymer productions stretching is a significant phenomenon such as construction of polymer sheets, food processing, film coating and drawing of copper wire. In view of such impotence, Crane (1970) is the pioneer author who introduced the fluid flow due to the stretching sheet. The work of Crane was extended many scholars carried out several research activities, following in his footsteps. Vajravelu and Roper (1999) have investigated the flow of second grade fluid through a stretching sheet. Rosca and Pop (2015) and Sajid et al. (2010) have been deliberated the vicious unsteady motion due to shrinking/stretched curved medium. Since the flow problems associated with stretching surface under different circumstances have been studied by several scientists and scholars, some of them can be found in references (Khan and Pop 2010; Hassani et al. 2011) . Similarly the exploration of MHD boundary film flow of nanoliquid over starching medium has been various industrial and scientific growing applications. Hamad (2011) has considered the motion of MHD nanofluid over a stretching sheet.
During the last few decades, researchers are engaged in examining the rotatory flows and heat transfer phenomena near to stretchable surface. Takhar et al. (2003) have explored the impact of MHD in the rotational flow of stretchable medium. Rosali et al. (2015) have mathematically analyzed the rotational flow over an extending surface. Vajravelua and Kumar (2004) have investigated the numerical solution of MHD rotating flow of viscous fluid. Zaimi et al. (2013) have calculated the solution of the rotating flow of visco-elastic liquid. Javed et al. (2011) have deliberated the rotating flow of viscous liquid past over an exponentially extending surface. Hayat et al. (2017a) have inspected the study using DarcyForchheimer 3D rotating flow of carbon nanotubes with a porous medium. Also Hayat et al. (2017b) have delivered the optimal result of 3D rotating flow of Mixwell nanoliquid. For the first time Maxwell (1904) derived the conductivity model. Jaffery (1973) has investigated conduction through a random suspension of spheres. Davis (1986) was the pioneer to describe the effective thermal conductivity of a composite material with spherical inclusions. Hameed et al. (2018) investigated the combined magnetohydrodynamic and electric field effect on an unsteady Maxwell nanofluid flow over a stretching surface under the influence of variable heat and thermal radiation. Recently, Shah et al. (2018) studied the effects of hall current on three dimensional micropolar nanofluids in a rotating frame.
The main theme of the current effort is to model the MHD three-dimensional rotating flow of nanofluid past over a stretching sheet is considered. Single wall carbon nanotubes (SWCNTs) are utilized as a nano-sized materials while water is used as a base liquid. Xue (2005) has discussed the model for thermal conductivity of CNTs based composites.
The heat transfer process is explored subject to thermal radiation and moreover the effects of nanoparticles Brownian motion and thermophoresis are involved in the present model. Non dimensional quantities have been employed to transform the system of partial differential equations into a set of nonlinear ordinary differential equations. The resulted 1 3 expressions of velocities, thermal and nanomaterial concentration profile are solved by homotopy analysis method (HAM) (Liao 1992 (Liao , 2007 . Skin friction coefficient (surface drag force), local Nusselt number (rate of heat transfer) and Sherwood number are studied through numerical data. The impact of several pertinent variables is computed and discussed through graphs.
Available effective thermal conductivities models in literature
In literature, numerous thermal conductivities models of CNTs exist in the verities of the geometries. Maxwell (1904) describe a relative model of thermal conductivity as where =
and is volume fraction. Jaffery (1973) 
.
Davis model (1986) is
The above models provide the estimates of thermal conductivity of the low volume fraction. These models do not depend on the shape of particles. Hamilton and Crosser (2007) depend on shape of particles.
Here ℘ is the shape factor of the particles. The above four effective models are useable simply for spherical or rotational elliptical elements and not verify the CNTs space distribution. Xue (2005) proposed a model of the very large axial ratio and recompensing the CNTs space distribution.
In current problem we apply Xue (2005) model to predict the thermal conductivities.
(1)
(2)
Problem formulation
Consider three dimensional rotating flow of nanofluid induced by a linear extending sheet. Single wall carbon nanotubes (SWCNTs) are used as a nanoscale materials where water as a base liquid. The heat transport mechanism is studied through thermal radiation. The model used for the nanofluid incorporates the impact of Brownian motion and thermophoresis. The coordinate system is selected such that the sheet is aligned through the xy-coordinate and liquid is assumed for z > 0 direction. The sheet is stretched along x axis with the speed p > 0 . Also the liquid is exposed rotation in z direction with uniform angular velocity . Temperature and concentration of nano-particle volume friction of sheet surface is due to the convective heating and concentration procedures which enclosed by T f and C f temperature and concentration of hot nano particles where, ℏ f is the coefficient of heat transfer. The flow under contemplation can be put into the following arrangement (Hayat et al. 2017 ) for single wall carbon nanotubes:
The boundary conditions are defined as:
Here u, v and w indicate velocities in x, y, z directions.
nf signifies the nanofluid density, nf nanofluid dynamic viscosity, nf electrical conductivity of nanofluid, T local temperature, D B coefficient of Brownian diffusion, D T is the coefficient of thermophoresis diffusion, C represents the concentration, k nf the nanofluid thermal conductivity,
(11)
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Here Ω, M, Pr, Sc, Nb, Nt, Rd, γ denote the transform form of rotation parameter, magnetic parameter, Prandtl number, Schmidt number, Brownian motion, thermophoretic parameter, radiation parameter, the Biot number, respectively, and defined as:
Skin friction coefficient and local Nusselt number are:
Solution methodology
In this section the set of couple nonlinear differential Eqs. (15-18), along with boundary conditions Eq. (19) solved analytically using HAM. The idea of HAM first presented by Liao (1992) using the concept of homotopy. For the solution development HAM scheme has certain advantages such as it is free from small or large emerging parameter, HAM offers an easy way to conform convergence of the solution and it delivers freedom for the right selection of base function and auxiliary parameter. In HAM scheme the assisting parameters h are used to regulate and control the convergence of the problem. The initial guesses are:
The linear operator, L as:
For above stated differential operators constants are shown as:
Deformation problem of zeroth order
Since ∈ [0, 1] as an embedding parameter with auxiliary parameters h f , h g , h and h . Then the problem deform for zero order as:
(21)
(23)
(24)
c p nf the nanofluid specific heat capacity. The above indicated parameters are described as (Zaimi et al. 2013): where q rad the radioactive heat fluctuation is expressed in term of Roseland approximation (Hammed et al. 2018 ) is:
In an above relation * , k * indicate the Stefan Boltzmann constant, mean absorption coefficient, respectively.
Considering the transformation:
The Eq. 6 is verified identically and Eqs. (7)-(10) take the following ODEs:
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The subjected boundary conditions are obtained as:
The resultant nonlinear operators are:
From Taylor's series express f ( ; ), g( ; ), ( ; ) and ( ; ) in term of :
ith-order deformation problem
Now differentiate the zeroth component equations ith time to achieve the ith order deformation equations with respect to :
The resultant boundary conditions are:
where
Convergence of HAM solution
In HAM technique the convergence region is important to determine the meaningful series solutions of the
(41
governing problems of f �� (0), g � (0), � (0) and � (0). The parameters h f , h g , h and h are employed to control convergence of the solution. Moreover, the h-curves are plotted at 15th order approximation. From the h-curves we observed the appropriate ranges h f , h g , h and h are −1.9 ≤ h f ≤ −0.5, −2 ≤ h g ≤ −0.6, −1.5 ≤ h ≤ −0.5, −1.9 ≤ h ≤ −0.1.
Results and discussion
In this portion we displayed the result of a couple nonlinear ordinary differential equations (ODE's) by using HAM and discussed the convergence of problem by means of h-curves approach. The main aim of current study is to determine and interpret the effect of emerging physical quantities including rotation parameter , magnetic parameter M, radiation parameter Rd, Brownian motion parameter Nb, thermophoretic parameter Nt, Biot number , Prandtl number Pr, and Schmidt number Sc on
, g( ), ( ) and ( ) , respectively, for water base single wall carbon nanotubes. Figure 1 shows the schematic physical model of the problem. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 . The influence of nanoparticle volume fraction on
is exhibited in Fig. 6 . It examined that magnitude of
are enhanced by increasing the quantity of for SWCNTs. In fact, by adding the nanoparticle enhance the energy and cohesive force between the atoms of liquid come to be frail to stop the faster liquid. Figures 7, 8, 9 explains the impact of various physical parameters like , M, on vertical velocity filed g( ) for water base SWCNTs. Figure 7 demonstrates that how the velocity profile g( ) varies by various values of rotation for SWCNTs. Our investigation exhibited that has a dynamic role in accelerating the flow in a y plane. It is noted that suitably large value of correspond an oscillatory pattern close the wall of sheet for SWCNTs. The basic reason is that the sheet is stretched only along x axis and due to rotation it is exclusively possible the liquid flow in y direction. It can be witnessed that high value of reduced the magnitude of g( ) . From Fig. 8 we observed the role of magnetic parameter M on g( ) is qualitatively equivalent to that of . Generally, the large value of M improved the opposite resistance to the motion of liquid which depreciate the value of g( ) for SWCNTs. The impact of nanoparticle volume fraction on g( ) has been dispatched in Fig. 9 . We noticed that high value of leads to an improvement in g( ) for SWCNTs. Figures 10, 11 , 12, 13, 14, 15, 16, 17 explains the impact of various physical parameters like Nb, Nt, Ω, M, γ, Pr, Sc, φ on thermal filed ( ) for water base SWCNTs. The impact of Brownian motion Nb and thermophoresis parameters Nt on ( ) are presented in the Figs. 10 and 11, respectively. Larger value of Nb and Nt indicate higher thermal profile ( ). Obviously the figure illuminates that the temperature and the thickness of thermal coating are higher for maximum value of Nb and Nt. In the existence of nanoparticles these parameters Nb and Nt are viewed which enhance the thermal conductivity of liquid. Physically large value of Nb and Nt produce stronger thermophoretic force which permits deepest moving of nanoparticles in the liquid. Figure 12 displays the impact of on ( ) . For SWCNTs maximum magnitude of contributing feebler ( ) filed. Furthermore, the influence of M on ( ) is shown in Fig. 13 . It is noticed that increase in thermal filed ( ) due to the large magnitude of M may be recognized that a definite amount of energy is stored in the material when fluid is in flow. Physically strong M progress strong Lorentz force which enhances the ( ) . Variation in ( ) due to the Biot number is presented in Fig. 14 . We observed that larger magnitude of leads to an enhanced in temperature profile ( ) and the thickness of thermal layer. Actually depend on ℏ f (heat transfer coefficient) and ℏ f is maximum for large value of that illustrate an increase in temperature field. On the other hand, we inspected from Fig. 15 that increment in Pr generates a fall in temperature filed ( ) due to the weaker thermal diffusivity. Physically, thermal layer thickness and ( ) is decreasing function of Pr. exhibited the influence of radiation parameter Rd on thermal filed ( ). It is apparent that the increase in Rd displays boost the thermal field ( ) that related to the thickness of the boundary layer of SWCNTs. Basically, the high value of Rd deliver more heat to functional nanofluid which indicates an increment in ( ) . Similar results indicated in Fig. 17 for a nanoparticle volume fraction on ( ) for SWCNTs.
Maximum values of clues the stronger thermal field ( ) and increase thickness of thermal layer. Figures 18, 19 , 20 explains the impact of various physical parameters like Nb, Nt, Sc on nanoparticle concentration ( ) for water base SWCNTs. The variation in nanoparticle concentration ( ) corresponding to Brownian motion Nb and thermophoresis parameters Nt is investigated in Figs. 18 and 19 , respectively, for SWCNTs. We noticed that larger value of Nb displays a decrease in ( ) and the associated boundary film thickness. Physically, the Brownian motion takes place due to the occurrence of nanoparticles, which decrease the boundary film thickness of nanoparticle concentration ( ) . However, larger values of Nt indicate enhancement in ( ) . Figure 20 exhibits the impact of Schmidt number Sc on nanoparticle concentration ( ). It is notable that increment in Sc yield reduction in ( ) . Actually the Schmidt number Sc is the ratio of momentum diffusivity and mass diffusivity. Table 1 demonstrates various physical assets of certain base liquids (water, kerosene oil and engine oil) and nanoparticles of SWCNTs. Xue (2005) calculated dissimilar values of effective thermal conductivities of CNT nanofluids for Table 2 . It can be seen in Table 2 that the thermal conductivity is improved with inspiring volume fraction of CNTs. For the same values of , can be noted that the nanofluids with SWCNTs have higher effective thermal conductivities as compared to those with MWCNTs. The logic for this is the elevated value of thermal conductivity of SWCNTs (6600 W/m k) as opposed to MWCNTs (3000 W/m k), as given in Table 1 . Table 3 illustrates the impact of the various physical parameters M, , verses skin friction coefficient. The larger amount of the magnetic parameter M dominates the resistive force called the Lorentz and as a result the skin friction increases. The larger values of the rotation parameter , decreases, the skin friction. The larger amount of the nanoparticles volume fraction increases the thickness of the fluid which boost up the skin friction. The effect of all the above parameters is comparatively strong in the Table 4 presents the impact of the thermophoretic parameter Nt and Brownian motion parameter Nb, on the Nusselt number Nu x . Since the larger amount of both these parameters enhances the temperature field. Therefore, the Nusselt number decreases with the rising values of Nt and Nb. 
Conclusion
In current investigation, three dimensional rotational flow of nanofluid containing carbon nanotube (SWCNTs) with thermal radiation over a stretching sheet is addressed. Single-wall carbon nanotubes (SWNTs) parade sole assets due to their unusual structure. As a result, (SWNTs) carbon nanotubes are expected to have dramatic impact on several industries, including displays, electronics, health care and • The high value of the rotational rotation parameter reduced velocity profiles
and g( ) however, reverse tendency is observed for temperature profile ( ).
• The nanoparticle volume fraction favor
( ).
• Stronger value of magnetic parameter M, result in reduction of
, g( ) while endorse the temperature ( ).
• Larger values of Brownian motion Nb and thermophoresis parameters Nt accelerate ( ).
• Nanoparticle concentration ( ) condense when Nb increase while Nt exhibit reverse phenomena. • The large value of Schmidt number Sc and Prandtl number Pr demote nanoparticle concentration ( ).
• At large values of the Biot number boost temperature and thicker the boundary film concentration. • The flow model is treated positively by means of HAM and successfully achieved the solution for SWCNTs nanoparticles.
• The larger amount of M, parameters increases the skin friction coefficient (surface drag force) because these parameters are the agents of resistive force.
• Increasing the nanoparticle volume fraction decreases, the skin friction because the viscosity of the fluid decreases with the rising value of .
• The larger amount of the Nb, Nt parameters enhances the temperature field and reduces the cooling effect. 
